Background. Interlaminar cervical epidural injections are commonly performed in the practice of interventional pain medicine. Injury to the spinal cord following injection into the substance of the cord is a known complication of this procedure, but it has rarely been reported and illustrated in the literature.
Introduction
Cervical epidural steroid injections have been employed to treat a variety of pain conditions including cervical radicular pain, cervical radiculopathy, neck and shoulder pain, and even headache. Regardless of application, accessing the cervical epidural space carries a risk of significant complications [1] [2] [3] . The most catastrophic complication is spinal cord injury, which can occur if a needle is overinserted through the epidural space and into the spinal cord [4] [5] [6] [7] . Injury can result from simply penetrating the spinal cord or from subsequent injection of substances, such as air, saline, contrast medium, or steroid preparations, into the cord. Monitoring the depth of insertion of the needle under fluoroscopy prior to any injection is imperative to avoid spinal cord injury because penetration into the spinal cord has been reported as nonpainful [8, 9] . Loss of resistance cannot be relied upon as a safety measure because if and once spinal cord penetration has occurred, injection of air or saline will cause further damage, not prevent it.
Although spinal cord injuries are a recognized complication of cervical epidural steroid injections, they have rarely been illustrated in the literature. Their reputation as a hazard is based largely on closed claims data, such as those of the American Society of Anesthesiologists [10, 11] , but details of individual cases and records of images are difficult to obtain from such databases.
The details of the present case have been published with the permission of the patient described and their legal representative. Information extracted verbatim from the procedure records appears in quotation marks.
Case Description
The patient was a 38-year-old woman with a chief complaint of "neck pain and right arm pain," which was diagnosed as "cervical radiculopathy." Approximately one week following the initial consultation, the patient returned for a scheduled cervical interlaminar epidural steroid injection.
She was placed in prone position, and the skin was prepared and draped in a sterile manner. The procedure note provides conflicting descriptions of the anesthetic provided. It was described as "total IV anesthesia (TIVA)," but elsewhere as "lightly sedated prior to and during the procedure via IV infusion." A nurse anesthetist administered the anesthetic. No anesthetic record was included in the chart.
The procedure notes continued as follows:
"Using a paramedian approach from the side mentioned above the region over the inferior lamina was localized under fluoroscopic vision and the soft tissues overlying this structure were infiltrated with 4 cc of 1% lidocaine without epinephrine. A #17 gauge Tuohy needle was inserted into the epidural space using a paramedical approach. The epidural space was localized using loss of resistance after negative aspirate for air, blood and CSF. A lateral approach showed the tip of the needle at the interlaminar line. The patient was very mobile and continued to move during the procedure. There was no aspiration for any CSF. A 0.5 cc volume of contrast was injected and a linear line was seen. The procedure was aborted."
The procedure notes record that "when she awoke from sedation," the patient noted "a burning sensation in the medial forearm into the last two digits. She also had some tingling and soreness in that area. Her right hand was weak also." Magnetic resonance imaging (MRI) was ordered immediately, and she was treated with intravenous and then oral corticosteroids for a period of one week.
The radiologist's report of the MRI taken two hours after the procedure states, "T2 changes noted within the right side of the spinal cord extending from C6 level to approximately the mid portion of T1. . .(C7-T1) focal susceptibility noted which may be related to small amount of hemorrhage or conceivably injected material in the cord." See Figures 1-3 .
A neurologic examination five days postprocedure noted significant new changes, including sensory deficit of the entire right upper extremity and axilla; "altered sensation" on the left in "the C6-T4 dermatomal distribution"; "muscle stretch reflexes are absent on the right at biceps, triceps, and brachioradialis"; and "decreased vibratory sensation seen on the right." One year postprocedure, the patient continued to have considerable neuropathic pain with neurologic deficit.
The procedure notes do not record the total number and nature of the fluoroscopic images that were used during the course of the procedure. Only three were archived. Figure 6 is a right ipsilateral oblique view archived five seconds after Figure 5 . Adequate radiographic quality is noted, and it constitutes the only image archived where needle position is unambiguously documented. The needle lies at C7-T1 with its tip within the spinal canal, and a narrow, well defined streak of contrast is present with cephalocaudal orientation extending between C6-7 and T3-4, confirming the lateral image of an intramedullary injection.
Discussion
Guidelines have been developed, published, and publicized in the interests of maximizing patient safety during the conduct of potentially dangerous procedures such as cervical epidural steroid injections [12] . Those guidelines were designed to avoid the very complication that occurred in this case. The records of the present case describe several departures from guidelines, each of which contributed to causing the complication.
Sedation
Cervical epidural access does not require sedation and is not an a priori indication for its use [13] . Access to the cervical epidural space is not painful if the skin and underlying tissue are adequately anesthetized. The discomfort lasts less than 10 seconds and can be tolerated by any mature individual presenting without psychological overlay.
Furthermore, the guidelines for interventional pain procedures clearly state that [F] or certain procedures patients must remain awake to be able to warn of adverse events. . .. Whenever sedation is used, the patient must always be sufficiently alert so as to be able to recognize and warn of any impending misadventure by reporting any unexpected, unfamiliar, or undesired sensations. This applies particularly to: procedures in which large nerves (spinal cord) might be impaled or otherwise injured during the insertion of a needle. [14] The prevalence of traumatic spinal cord injury during cervical interventional pain procedures is significantly higher in patients who have been sedated [11] . In the present case, sedation denied the patient the possibility of reporting untoward symptoms when the spinal cord was impaled, and having the needle withdrawn without injection. Thereby, the permanent sequelae could have been prevented or lessened.
In the present case, the descriptions of the level of sedation were contradictory. It was first described as "total IV anesthesia," but later as "lightly sedated prior to and during the procedure via IV infusion." Total intravenous anesthesia is a procedure in which general anesthesia is induced and maintained using purely intravenous agents [15] . The notion that the patient was "lightly sedated" is refuted by the statement that complications were first noted "when she awoke from sedation." Patients who are "lightly sedated" remain awake, responsive to painful stimuli, and conversant. Although an anesthetic record was not available, a continuous "IV infusion" implies, probably, a propofol infusion. A general anesthetic had been performed.
There are those who erroneously contend that by rendering a patient insensate to pain, amnestic, and hypnotic (the definition of a general anesthetic), "sedation" by propofol infusion provides a margin of safety in that the patient is rendered absolutely motionless. This case clearly refutes this assertion. Sedation in and of itself creates difficulties that can result in increasing the possibility of complications. Patients undergoing lighter levels of anesthesia, or during partial emergence from a general anesthetic, often suffer significant dysphoria, are disoriented in person and place, are unable to follow commands, and move uncontrollably. When this movement occurs during the execution of any spinal injection, a choice must be made between: 1) cancelling the procedure; 2) discontinuing the procedure until the intravenous agent reverses over time and the patient is awake and able to respond to commands; 3) deepening the anesthesia, which risks compromising the airway and causing hypoxia; or 4) continuing the procedure in 
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a patient who is moving, which requires maneuvering needles when imaging and physical conditions are not optimum, and thereby increases the probability of a misadventure.
In that the procedure notes clearly state, "The patient was very mobile and continued to move during the procedure. . .. I discussed the possible misplacement of contrast due to motion and suboptimal imaging," it is clear that this physician chose the latter course of action. The statement is also quite disingenuous in that it was not "misplacement of contrast," but rather a misplaced needle that caused the complication. If this patient had not undergone "sedation," causing her to "move during the procedure," and the physician chose to continue in haste, relying on abbreviated "suboptimal imaging," it appears probable that the intramedullary injection, and the resulting neurologic sequelae, could have been avoided.
Imaging
Practice guidelines [16] clearly and unequivocally state that images should be archived and be "of a sufficient number and type to show accurately what was done. The placement of a needle. . .should be recorded on at least two imaging planes, typically an anterior-posterior (AP) view and a lateral view or oblique view, that would allow a third party to determine accurately where exactly the needle. . .was located. If contrast medium is subsequently injected, a similar series of views should additionally be recorded in order to demonstrate where the contrast flowed." Therefore, at a minimum to assure and verify safe practice, two images documenting needle placement prior to contrast injection and two images postcontrast (four in toto) are mandated. It is implicit that image quality be such that accurate interpretation is possible.
By specifying what should be archived, these guidelines also stipulate what images should be obtained in the first instance in order to conduct the procedure accurately and safely. In practice, those images would be obtained routinely, whereupon archival is achieved simply by pressing the "SAVE" button.
In the present case, only three images were archived (Figures 4-6 ). This series does not meet the minimal requirement referred to above. The two lateral views (Figures 4 and 5) are of exceedingly poor quality, with interpretation of Figure 5 being nearly impossible. Figure 4 provides no meaningful information other than poorly documenting the level of needle insertion. In this regard, an anteror-posterior (AP) view would have been more appropriate, and it would also have recorded the medial-lateral location of the needle. The image is of such poor quality that it is difficult to determine exactly where the tip of the needle lies. If we follow the shaft of the needle, the tip appears to lie some few millimeters behind the spino-laminar line; but alternatively, beyond this point one can perceive what appears to be a pale smudge that obscures the continuation of the shaft of the needle, but what could be the tip of the needle ventral to this smudge, just behind the spino-laminar line.
Figures 5 and 6 were both taken after injection of contrast medium into the spinal cord. No images were recorded verifying the final needle tip position prior to injection. Safe depth of insertion was not documented using either a lateral or a contra-lateral oblique (CLO) view [13, 17] . Had depth of insertion been checked, injection into the spinal cord would have been avoided.
In recent years, the CLO view has become acknowledged as a superior alternative to the lateral view, providing a more accurate indication of depth of needle insertion in relation to the associated lamina [13, 17, 18] . By way of example, a right paramedian approach, with the needle tip underlying the right lamina, would necessitate a left oblique view of approximately 45 degrees.
Missing from the records of the present case are an AP view and CLO view of the needle correctly placed in the epidural space and corresponding AP and CLO views after a test dose of contrast medium showing correct flow into the epidural space. Most egregious was the injection of contrast medium without first checking the location of the tip of the needle.
Failure to Discontinue
In the present case, the movement of the patient and the inability to obtain adequate imaging to ensure safe conduct of the procedure rendered the circumstances unsafe to continue the procedure. Any of a number of factors might influence a physician to continue under these circumstances: loss of face, ignorance or disregard of the risks involved, or wishful thinking that nothing will go wrong. None of these outweigh patient safety. No physician should be reluctant to terminate a procedure when conditions prevent conducting the procedure accurately and with maximal safety.
Conclusion
Practice guidelines are not a bureaucratic entity designed to be imposed on physicians in order to make life difficult for them. They are produced by authors experienced in the conduct of the procedure, and who collectively are aware of the potential hazards of the procedure. Consequently, the guidelines describe not only how to do the procedure but also what can go wrong and the precautions that need to be taken to keep the procedure safe. In this regard, guidelines do not allow for shortcuts or omissions that prejudice the safe conduct of the procedure. As illustrated by the present case, complications can be traced to departures from published guidelines.
